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tena.ivanova@ugd.edu.mk 
Abstract 
This paper gives mineralogical characteristic of rutile. Several samples 
of rutile were collected for research by Scanning electron microscopy (SEM), 
coupled with an energy dispersive X-ray spectrometer (EDS) and X-ray 
diffraction (XRD). SEM is especially useful because it gives elemental, 
mineralogical and morphological data at the same time. X-ray diffraction 
(XRD) is known as the best method for the identification and quantification of 
minerals The instrument used was a XRD Schimadzu 6100. Copper radiation 
was used CuKα= 1.54178Å, the voltage of the generator 40 kV, and the 
current was 30 mA. 2θ= 2◦/min. The most intense registered maxima in the 
studied powder diagram were compared with the corresponding maxima in 
the diagram of rutile sample JCPDS card 00 003 112 and 00 021 1276. The 
comparison has shown that the X-ray powder pattern of the natural rutile taken 
from the JCPDS card are practically identical with the studied diagram. The 
results of the X-ray powder pattern and SEM analysis enable straightforward 
identification of the studied mineral sample as rutile. 
 
Key words: rutile, X-ray diffraction, scaning electron microscope. 
Факултет за природни и технички науки 





МИНЕРАЛОШКИ КАРАКТЕРИСТИКИ НА РУТИЛОТ ОД 





Факултет за природни и технички науки, 
Универзитет „Гоце Делчев“, Штип, Република Македонија 
tena.ivanova@ugd.edu.mk 
Краток извадок 
Во овој труд се презентирани минералошките карактеристики на 
рутилот од с. Бонче. Испитувањата се вршени со СЕМ /ЕДС и рендгенска 
дифракција. СЕМ /ЕДС методата дава истовремено елементарни 
минералошки и морфолошки карактеристики. Рендгенската дифракција 
е позната како најдобра метода за идентификација на минералите. 
Снимањето е извршено со инструмент XRD Schimadzu 6100. Условите 
на снимање се: CuKα= 1.54178̊A, 40 kV, 30 mA. 2θ= 2◦/min. Добиените 
резултати се во потполна согласност со податоците дадени во JCPDS-00 
003 112 и JCPDS 00 021 1276. Резултатите добиени со овие две методи 
дадоа јасна идентификација и потврдија дека испитуваниот примерок од с. 
Бонче е рутил. 
 




Rutile is one of the most important titanium minerals, with the formula 
TiO
2
. Rutile is an interesting, varied and important mineral. It is a major ore 
of titanium, a metal used for high tech allows because of its light weight, high 
strength and resistance to corrosion Abraham Gottlob Werner created the name 
rutile [1],which he assigned to a mineral originally known as“red schorl”. The 
first description of “red schorl”is commonly attributed to [2]. However, [3], 
as pointed out by [4], already mentioned “red schorl” a few years earlier.[5] 
used “red schorl” (rutile) for the description of the element titanium, which he 
named after the Titans of Greek mythology. Notethat William Gregor originally 
discovered titanium (which he named menackanite) in ilmenite in 1791 [6] 
It has tetragonal symmetry. Class 4/mmm (4/m 2/m 2/m) - Ditetragonal 
Dipyramidal . Unit cell parameters a = 4.5937Å, c = 2.9587Å, V =62.43 Å³. Z=2 
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for pure rutile[7]. In the unit cell, each Ti4+ ion is surrounded by six oxygens at 
the corners of a slightly distorted, regular octahedron.Each oxygen surrounded 
by three Ti4+ ions is lying in a plane at the corners of an approximately 
equilateral triangle [8],[9]. Crystal habits include eight sided prisms and blocky 
crystals terminated by a blunt four sided or complex pyramid. The prisms are 
composed of two four sided prisms with one of the prisms being dominant. 
Crystals with some twins forming hexagonal or octahedral circles. Colour is 
brown, brown-red or black. Streak is greyish black or pale brown. Hardness 
is 6 - 6½., density 4.23 g/cm3. Metallic or adamantine lustre. Crystals are 
transparent in rather thin crystals otherwise opaque. Distinct cleavage {110}, 
less distinct {100} and in trace {111}. Fracture is conchoidal to uneven. 
Twinning is common in rutile crystals, with a cyclic twin forming that is 
comprised of six or even eight twins arranged in a circle. 
Optical Properties: Rutile is opaque and transparent in thin fragments. 
Color is reddish brown, red, pale yellow, pale blue, violet, rarely grass-green. 
Optical class is uniaxial (+). Pleochroism is distinct; red, brown, yellow, green. 
Dispersion and  anisotropism are strong. 
The occurrence of large specimen crystals of rutile is most common in 
pegmatites, skarns and granite greisens. 
 
2. Results and discussion 
In the Republic of Macedonia, beautiful crystals of rutil have been found 
in Bonce, Sivec, Oreovo and Veselcani. Rutile crystals occur within quartz 
pegmatite veins crosscutting metamorphic schists. In some cases have been 
found as large individual crystals reaching 10cm in size elongated along the 
crystallographic c-axis.. It also can be found as cyclic twinning. Fig 1 shows 






Figure 1.  Individual crystal of 
rutile 
Слика 1. Индивидуален кристал 
на рутил 
Figure 2. Cyclic twinning of rutile 
Слика 2. Циклично близнење 
кај рутил 
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SEM images of rutile  are given in fig. 3 and 4. Fig 5 and 6 show EDX 






Figure 3. SEM image of rutile 
Слика 3. СЕМ слика на рутил 
Figure 4. SEM image of rutile 





Figure 5.  EDX spectrum of rutile 
Слика 5. ЕДХ спектар на рутил 
Figure 6.  EDX spectrum of rutile 
Слика 6. ЕДХ спектар на рутил 
 
Table 1. Chemistry of rutile 
Табела 1. Хемиски состав на рутил 
 
 Sample 1 Sample 2 
Element Weight% Atomic% Weight% Atomic% 
O 50.40 75.18 53.00 77.18 
Ti 47.89 23.86 46.36 22.55 
Fe 0.65 0.28 0.65 0.27 
Na 0.03 0.04   
Mg 0.02 0.02   
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Al 0.21 0.19  
Si 0.16 0.14  
K 0.16 0.10  
V 0.42 0.20  
Total 100.00 100.00  
 
Table 1 shows chemical composition on rutile. Concentration of Ti is 
46.36-47.89%, O – 50.40-53%. Sample 1 has small concentration of V, Fe, Si, 
Mg, Na, K. 
Most naturally occurring rutile corresponds to the general formula TiO
2
, 
with titanium occurring as Ti4+. Note that titanium also exists in different states 
of oxidation: besides Ti4+, there are also Ti3+, Ti2+ and Ti.  [10]. In rutile, there 
are commonly several possible substitutions for titanium such as W6+, U6+, Nb5+, 
Sb5+    Ta5+, Zr4+,Mo4+,  Sn4+, Hf4+  U4+ Al3+,  Sc3+,  V3+,  Cr3+,  Fe3+  Y3+Fe2+,  and to a 
lesser degree Mg2+, Mn2+, Zn2+cations [11], [12] Substitution of Ti4+ in the rutile 
crystal lattice is based on the ionic radius and ionic charge of the substituted 
cation. For very tiny rutile crystals analysed in thin sections, it is recommended 
that the Si content is measured in order to identify beam interferences with 
adjacent silicate minerals [13]. 




Figure 7. X-ray diagram of rutile 
Слика 7. Рендгенски дифрактограм на рутил 
 
Results obtained by X-ray investigations show that the investigation 
minerals is rutile and they are in good agreement with JCPDS cards 00 003 
112 and  00 021 1276. 
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After summarizing the data collected in this research, we can confirm 
that the studied mineral sample is rutile. The straightforward identification 
of the studied mineral sample was enable by X-ray powder pattern and SEM 
analysis. 
Concentration of Ti is 46.36-47.89%, while O from 50.40 to 53%. Sample 
1 has small concentration of V, Fe, Si, Mg, Na, K. 
Results obtained by X-ray investigations are in good agreement with 
JCPDS cards  00 003 112 and  00 021 1276. 
Rutile is of economic importance because of its use in the manufacture 
of white titanium dioxide pigment, which is a major constituent in various 
products of our daily life. 
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